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sbjective . This study was undertaken to evaluate the fre-
qy of restrictive left ventricular filling pattern In dilated
c y thy, as well as Its clinical and heat ynamic correla-
tions and prognostic implications .
fiaekgnoawad. In dilated cardlomyo thy, as in other heart
disc;tsee, di ervnt left ventricular filling patterns were observed
on Doppler echocardiography. Some patients showed a "restric-
d pattern," similar to that associated with restrictive
, chars by predominant E waves and a
shortened deceleration time .
M Doppler tnitral curves were analyzed in
79 consecutive patients with dilated lomyopathy assigned to
two study groups according to E deceleration titre : group 1(n
36) had a restrictive left ventricular filling pattern (E deceleration
time <115 ms); group 2 (n = 43) had an E d eration time
X115 Ms.
Results. Patients in group 1 were significantly younger, in a
Several studies recently demonstrated the clinical usefulness
of Doppler echocardiographic study of left ventricular filling
in various pathologic conditions (1,2) . Appleton et al . (3),
from a combined hemodynamic and Doppler echocardio-
hic study, could recognize two abnormal left ventricular
filling patterns . The first, characterized by a prolonged
isovolumetric relaxation time and E deceleration time and a
decrease in E/A ratio, was associated with impaired relax-
ation in the presence of normal left ventricular filling pres-
sure; the second, characteized by a shortened isovolumetric
relaxation time and E deceleration time and an increase in
EtA ratio, was observed in more symptomatic patients, with
increased filling pressure . This pattern was called the restric-
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higher New York Heart Association functional class, more fre-
quently had a third heart sound and had a higher left ventricular
filling pressure at catheterization . In addition, they showed more
severe left and right ventricular dysfunction and dilation, a larger
left atrium and more severe mitral regurgitation . A restrictive
filling pattern was associated at Doppler study with a higher H
wave velocity, lower A wave velocity and higher E/A ratio . During
a follow-up interval of 22 ± 14 months, all 14 patients who
subsequently died or required heart transplantation showed a
restrictive left ventricular filling pattern . At multivariate analysis,
E deceleration time was the most powerful independent prognostic
indicator of poor outcome or transplantation .
Conclusions. Restrictive left ventricular filling pattern is fre-
quent in dilated cardiomyopathy, is associated with more severe
disease and is a powerful Indicator of lucre mortality risk and
need for heart transplantation.
(J Am Coll C ial 1993422 :808-15)
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five filling pattern and was observed not only in patients with
restrictive cardiomyopathy and constrictive pericarditis
(4,S), but also in some patients with coronary artery disease
and dilated cardiomyopathy (3). However, left ventricular
filling was studied in only a few patients affected by dilated
cardiomyopathy, and its prognostic significance is unknown .
Therefore, the objectives of this study were to evaluate the
frequency of the restrictive filling pattern in dilated cardio . ,
myopathy, its clinical and hemodynamic correlatio+ls and the
prognostic implications .
Methods
Study patient. Doppler mitral flow velocity recordings
and clinical and echocardiographic findings were analyzed in
79 consecutive patients (63 men, 16 women, mean age 39
15 years, range 8 to 65) with a diagnosis of dilated cardio-
myopathy prospectively studied by our group . Dilated car-
diomyopathy was diagnosed, according to the World Health
Organization criteria (6), in the presence of a depressed left
ventricular ejection fraction and in the absence of significant
(>50%) coronary artery stenosis and of other specific heart
muscle diseases (6) . Ejecting fraction was assessed by both
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two-dimensional echorcu,, -ography and angiography . Pa-
tients were included in the study if ejection fraction was
<50% by both techniques . Only patients who had adequate
Doppler echocardiographic transmitral curves were in-
cluded. Correlations between Doppler echocardiographic
and hemodynamic data were evaluated in 72 of these pa-
tients who had no significant clinical or therapeutic change
during the time interval between the two examinations,
which was & days .
Clinical evacuation . All patients were studied at the time
of diagnosis, and 76 of them were evaluated at follow-up .
Clinical data included functional status (New York Heart
Association functional class) ; signs of congestive heart fail-
ure (increased venous pressure, edema, hepatomegaly, pul-
monary rales, chest X-ray signs of increased p' monary
venous pressure) ; third heart sound, and murmurs of mitral
and tricuspid regurgitation . Cardiolhoracic ratio was ob-
tained from the chest X-ray study . Atrioventricular and
intraventricular conduction delay and pathologic Q waves
were assessed by electrocardiography . Effort tolerance was
evaluated using a symptom-limited bicycle ergometer
exercise test in the upright position, with increments of
10 W/min .
Seventy patients were treated with angiotensin-converting
enzyme inhibitors (captopril of enalapril), and 54 with beta-
adrenergic blocking agents (metoprolol), usually associated
with digitalis (72 patients) and diuretic agents (62 patients) .
Hemodynamic study . At the time of diagnosis all patients
underwent a hemodynamic study with left and right ven-
triculography and coronary angiography . Hemodynamic
data included cardiac output and cardiac index, pulmonary
artery pressure, pulmonary artery wedge pressure, left verl-
tacular end-diastolic pressure, left ventricular end-diastolic
and end-systolic volume indexes, ejection fraction and grade
of mitral regurgitation (semiquantitative assessment, grade I
to grade 4) .
Endomyocardial biopsy . Endomyocardial biopsy was
performed in all patients to exclude myocarditis or specific
heart muscle diseases . In each patient at least four samples
were taken from the left or right ventricle, or both . Endo-
myocardial biopsy specimens were available in 72 patients
(44 from the left, 28 from the right ventricle) for semiquan-
titative analysis. The degree of fibrosis was judged by two
pathologists in blinded manner: 0 =- absent ; I + = mild ;
2+ = moderate ; 3+ = severe . Significant fibrosis was
considered to be present when the score was 2+ or 3+ .
Other variables considered were hypertrophy, attenuation of
myocytes, interstitial edema, adipose infiltration, nuclear
and nucleolar anomalies, endocardial thickening and inflam-
matory infiltration .
Echocardiographic study. All study patients underwent
M-mode, two-dimensional and Doppler echocardiographic
study. Moreover, 59 patients were also studied with color
Doppler equipment (Hewlett-Packard) . All examinations
were evaluated by one investigator (B.P .), with expertise in
both echocardiography and cardiomyopathy. At M-mode
PINA
.",WN'71 ET AL
study (oriented in two-dimensional parasternal long-axis
view), conventional variables were measured : left ventricu-
lar end-diastolic and end-systolic diameters, fractional short-
ening, end-diastolic thickness of the posterior wall and
intei ventricular septum, end-systolic diameter of the left
atrium and presence of a mitral B point . At two-dimensional
studies, left ventricular end-diastolic and end-systolic vol-
umes and ejection fractions were calculated from the apical
four-chamber view using an area-length single-plane method
(7) . Furthermore, end-diastolic and end-systolic right ven-
tricular areas and fractional shortening of areas (7) and
end-systolic areas of both atria were obtained from the same
view. At Doppler echocardiographic study, severity of mi-
tral regurgitation was semiquantitatively assessed as grade
I + to 4+ using the color Doppler method (8) or, in patients
without a color Doppler study, using left atrial mapping with
pulsed wave Doppler ultrasonography (9) . Mitral regurgita-
tion was considered significant if it was > I + . All measure-
ments were obtained from the mean of 3 beats for the
patients with sinus rhythm and S beats for those with atrial
fibrillation . Chamber diameters, areas and volumes were
normalized for body surface area.
Doppler echocardiographic study of left ventricular filling .
According to Appleton et al . (3,4), when studying the
Doppler mitral curve, the sample volume in the pulsed wave
Doppler study was positioned between the tips of mitral
leaflets where maximal flow velocity is recorded . When
possible, the Doppler cursor was oriented in the color
Doppler study parallel to the direction of qow . At a paper
speed of 50 mm/s, the following variables were measured
(mean of 3 beats in sinus rhythm and 5 beats in atrial
fibrillation) : E wa .-e maximal velocity, A wave maximal
velocity (in sinus rhythm only), E/A ratio (in sinus rhythm
only) - E deceleration tune (obtained by extrapolating the
initial slope of E deceleration to 0 line) (3,4) . Beats were
excluded if there were E-® fusions or a curvilinear E wave
descent (3,4) . Patients were separated into two groups on the
basis of Doppler echocardiographic mitral pattern : group I
(restrictive left ventricular filling pattern) had an E deceler-
ation time <115 ms (Fig. 1, curve A); group 2 had an E
deceleration time 7115 ms (Fig . 1, curve B) . The cutoff point
of 115 ms was arbitrarily chosen to correspond to the mean
value - 2 SD from the data of a series of 79 age-matched
normal control subjects (normal E deceleration time 17'
31 ms) .
Analysis of follow-up data . End points for follow-up were
death, heart transplantation or the time of study closure . For
the purpose of analysis, patients who died or underwent
heart transplantation were considered as a single group . The
follow-up data were obtained by regular follow-up visits at
our institution and by telephone contact with patients and
if, -ir physicians .
Statistical analysis. Continuous data are expressed as
mean value ± SD. Differences between group means were
compared by unpaired t
testing and frequency of events by
the chi-square test with the Yates correction . Linear and
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Figure 1 . Two representative transmitral Doppler tracings of pa-
tients with dilated cardiomyopathy
. Upper pawl (curve A) shows an
example of a restrictive left ventricular filling pattern (group I)
characterized by a predominant E wave (E/A ratio
- 8) and a short
E deceleration time (80 ms). Lower panel (curve 8) shows a normal
pattern (group 2): E/A ratio = 1 ; E deceleration time 200 ms .
multiple regression analyses were carried out to test the
relation between clinical, echocardiographic and hemody-
namic variables and E deceleration time .
Product limit survival was calculated with Kaplan-Meier
curves, and differences between curves were assessed by the
12 -
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Cox-Mantel test. The Cox proportional hazards model was
used to analyze the relation between survival and prognostic
indexes . To define classes of patients with similar risk, we
chose arbitrary cutoff points corresponding to the values that
could best discriminate between the two groups of patients .
The Statistical Package for the Social Science Program
(SPSS Inc .) and Biomedica Computer Program (B1dDP
Statistical Software Inc .) software were used. A p value <
0.05 was considered significant .
Results
A restrictive left ventricular Oiling pattern (group 1 ) waas
found in 36 (A6%) of 79 patients . Figure 2 shows the
frequency distribution of E deceleration time in the study
patients .
Clinical, Doppler echocardiographic, hemodynamic and
biopsy data of the two study groups are summarized in Table
1 . Group I patients were significantly younger, in a higher
functional class, had a lower systolic blood pressure, more
frequently showed a third heart sound on physical examina-
tion and had a larger cardiothoracic ratio on chest radiogra-
phy. Among echocardiographic variables, the presence of a
mitral B point on M-mode study was much more frequent in
patients with a restrictive pattern . Group I patients showed
Figure 2. Frequency distribution of E deceleration time among the
79 patients with dilated cardiomyopathy . Group I (restrictive left
ventricular filling pattern), E deceleration time < 1 15 ms-, group 2, E
deceleration tittle zt 1 15 Its .
-AL
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a larger left atrial and ventricular size and more depressed
left ventricular systolic function . In addition, they had a
significantly larger right ventricle and poorer systolic func-
tion. Significant mitral regurgitation was more frequent in
group 1 than in group 2
. Analysis of Doppler mitral curves
revealed a significantly higher E peak velocity, lower A peak
velocity and higher E/A ratio in group 1 . Doppler echocar-
PiNAMONTI ET AL .
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Table 1 . Clinical, Doppler Echocardiographic, Heniodynamic and Biopik Characteristics in Patients With Dilated Cardimnyopathy
on Admission
Values presented Ire mean value ± SD (range) or number (%) of patients . A = peak velocity of A wave ; CHF = congestive heart failure; CI = cardiac index ;
CTR = cardiothoracic ratio ; E = peak velocity of E wave ; EDT = E deceleration time ; Ex time = exercise time
; FS = fractional shortening ; HR = heart rate ;
LAAI - left atrial area index ; LADI = left atrial diameter index ; LBBB = left bundle branch block ; LVI3DDI = left ventricular end-diastolic diameter index
;
LVEDP = left ventricular end-diastolic pressure ; LVEDVI = left ventricular end-diastolic volume index ; LVEF = left ventricular ejection fraction
; LVESDI =
left ventricular end-systolic diameter index ; LVESVI = left ventricular end-systolic volume index ; mAoP = mean aortic pressure ; mPAP = mean pulmonary
artery pressure; mPAWP = mean pulmonary artery wedge pressure ; MR = mitral regurgitation ; mRAP = mean right atrial pressure
; NYHA = New York Heart
Association functional class ; RVEDAI = right ventricular end-diastolic area index; RVFSA = right ventricular fractional shortening of areas
; SBP = systolic
blood pressure ; S3 = third heart sound ; SV = stroke volume
.
diographic and hemodynamic correlations were analyzed in
72 patients. Patients in group 1 showed a significantly lower
mean aortic pressure, highf;r pulmonary artery wedge pres-
sure, mean pulmonary artery pressure and left ventricular
end-diastolic pressure and a lower stroke volunw and car-
diac index . In addition, similar to the er
.',iocardiographic
data, these patients showed significantly larger left ventric-
All Patients Group I (n = 36)
(EDT < 115 ms)
Grog i, 2 (n = 0
(EDT ? 115 ms) p Value
(1 = 79)
Clinical data
Age (yr) 39 ± 15 (8-65) -4 ± 17 (8-65) 43 ± 12 (19-64) 0.0048
NYHA IN + IV 29(37%) 18(50%) 11 (26%) 0 . R 6
CHF 32(41%) 18 (50%®) 14(33%) NS
1,,BP (mm Hg) 1(8 (5 (70-ISO) III ± 16 t70-150) 123 ± 11 (110-150) < 0 .000i
HR (beaiiimin) 89 16 (58-135) 92 ± 15 (58-130) 86 ± 17 (62-335) NS
S3 49 (62%) 31 (86%l 18 (42%) < TOOOI
LBBB 18(23%) 90(29%) 8 (19%) NS
CTR (%) 55 ± 6 (44-72) 5" , ± 5 (47-67) 53 ± 6 (44-72) 0.0059
Ex time (min) 10 . i ± 3.3 (2-20) 9.9 ± 3 .9 (2-20) 10 .3 ± 2 .7 (6-15) NS
Doppler echocardiographic data
LVEDD1(1111111112) 42 ± 6 (30-57) 37 ± 5 (28-46) 0.0015
39 t 6 (28-57)
LVESDI (mm/m=) 35 ± 6 (20-54) 38 ± 7 (26-54) 32 ± 5(20-44) 0.0003
FS (%) 1 5 (348) (0 ± 4(303) 14 ± 6 (4-28) 0 .0010
13 point 12 (40'/`0 27 (75%) 5 (11%) * 0.0001
LADI "me") 23 t .5 (11-42) 26 -t 5(2(1-42) 21 ± 4 (11-26) * 0 .01101
LVEDVI (ml/m°) 124 ± 38 (52-235) 135 ± 37 (75-220) 115 ± 38 (52-235) 0.0278
LVESVI (ml/m'°) 92 ± 34 (27-197) 103 + 31 (5?-07) 83 33 (27-186) 0.0133
LVEP (%) 27 ± 8 (7-49) 25 ± 7 M37) 29 9(14-49) 0 .0332
RVEDAI (cm'/m°) 12 ± 4 (4-23) 14 ± 4 (50) H 4 (401) 110012
RVFSA 1W 37 ± 18 (6-73) 28 ± 15(6-60) 46 16 (14-73) * 0.0001
LAAI (cm2/m2) 5 ± 5 (440) 18 ± 4 (10-30) 12 3 (4-19) < 0 .(*Dl
E (m/s) 0 .7 ± 0 .3 (0 .2-1 .3) 0 .9 n 0.2 (0.5-1 .3) 0 .5 2 (0.2-0 .9) < 0.0001
A WQ 0.4 ± 0.2 ak&j 0.3 ± 11 (0.0-0 .5) 0.5 0 .2 (0.0-0.8) < UWGOI
E/A ratio 2 .3 ± 2.2 (0 .VU) 3 .8 ± 2 .5 (1 .2-11) 1 .1 ± 0 .5 (0 .3-2 .0) < 0 .0001
EDT (ins) 129 i: 58 (60-310) 78 ± 16 (60-110) 171 ± 43 (120-310)
MR >I+ 35 (44%) 25(69%) 10(23%) < 0 .0001
Hemodynamic data (n = 72) (n = 31) (n = 41)
mAoP (mm Hg) 81 ± 12 (52-111) 75 ± 13 (52-98) 85 ± 10 (58-111) 0 . '0113
LVEDVI (nl/m2) 151 ± 53 (44-281) 168 58 (61-281) 140 ± 47 (44-278) 0 .0336
LVESVI (MUM2) 115 ± 46 (27-246) 130 45 (46-228) 103 ± 43 (27-246) 0 .0170
LVEF (W 25 ± 9 (11-4?) 22 7 (12-41) 27 ± 9 (11-47) 0.0209
SV (ml) 77 ± 32 63 25 (3 .1-118) 86 ± 33 (31-180) 0 .0021
Cl (liters/min per m2) 3 .5 ± 1 .1 (1 .6-7 .6) 3 .1 1 .2 (1 .6-7 .6) 3 .7 ± 0 .9 (2 .6-6 .1) 0.0123
LVEDP (min Hg) P ± 7(31) 22 6 (7-31) 14 ± 7 (3-30) OI< 0. 1
MMWP (mm Hg) 13 ± 8(1-42) 18 8 (4-12) 10 ± 5 (1-23) * 0 .0001
mPAP (mm Hg) N t 9 (508) 26 ± 10 (11-58) 17 ± 7 (5-38) * 0,0001
mRAP (mm Hg) 4 ± 3 (0AO) 4 ± 3 (0AO) 4 ± 2 (0-8) NS
MR >li 13(17%) 10(28%) 3(7-7c) 0.0294
Histologic data
Fibrosis >I+ 27(37%) 14(41%) 13(34%) NS
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Table 2. Linear Correlation Between E Deceleration Time and
Clinical Variables in Patients With Dilated Cardiomyopathy
r Value
p Value
E (ms)
A (ats)
VA ratio
LADI (mmlm2)
RVFSA (%)
LAAJ (cflelm
2)
SOP (min Hg)
FS (%)
mPAWP (mm Hg)
LVEF (%)
LVESDI 000
MR
(0-4)
Abbrevititioni as in Table I .
War cud-diastolic and end-systolic volume indexes, lower
ejection fraction and more severe, mitral regurgitation .
Among the histologic variables, no statistically significant
differences between the two groups were found .
Linear and multiple imvIrromiron analysis between clinical
variables and E deceleration time. The correlation coeffi-
cients between E deceleration time and the clinical, Doppler
echocardiographic and herncdynaf) . :c variables on linear
regression analysis are shown in Table 2 . On multivariate
analysis, E deceleration time was independently correlated
with right ventricular fractional shortening of areas, left
ventricular ejection fraction and E wave peak velocity .
Follow-up data . In July 1992 the mean follow-up duration
was 22 t 14 months (range 1 to 61) . The minimal follow-up
time for surviving patients without transplantation was 6
months. No patient was lost to follow-up or died of noncar-
diac causes . Ten patients underwent heart transplantation
14 ± 11 months after the diagnosis, There were four cardiac
deaths (one sudden death, three due to refractory heart
failure) 8 ± 8 months after the diagnosis .
Ualvadate analysis. The Kaplan-Meier survival curve
with respect to cardiac death and transplantation shows a
product limit survival of VX* and 79% at 12 and 24 months,
respectively. Variables significant by Cox univariate analy-
sis for global mortality/transplantation are shown in Table 3
.
No variable related to actual treatment
(angiotensin-
converting enzyme inhibitors or beta-adrenergic blocking
agents) was significant .
Figure 3 shows the actuarial survival curves of the two
patient groups . Survival was significantly lower in patients
with a restrictive left ventricular filling pattern (group 1) than
in group 2 (p < 0. 1). Moreover, all patients who died or
underwent transplantation showed a restrictive left ventric-
ular filling pattern with extremely shortened E deceleration
time (ranging from 60 to 80 ms) (Fig
. 4) .
M1111fiv2dato analysis . The first multivariate regression
analysis was performed on the 14 variables marked with an
asterisk in Table 3. Complete data were available in 68 of 79
Patients
. The major independent determinants of cardiac
%56
0.55
-0 .54
-0 .53
0.51
-0.51
0.46
0.43
QAI
OAQ
-0.40
-137
* owl
* owl
* OM
* 0.001
* 0.001
* 0.001
* 0.001
* OAI
* 0.001
* OAI
* 0.001
IN
Table 3. Cox Univariate Analysis of Clinical, Doppler
Echocardiographic and Hemodynamic Variables Predicting
Death or Transplantation in Patients With
Dilated Cardiomyopathy
*Variables entered in Cox multivariate analysis . Abbreviations as in
Table 1 .
death or transplantation were E deceleration time (p <
0.001), left atrial area index (p = 0 .001), mean aortic pres-
sure (p = 0.07) and functional class (p < 0 .001) .
The second multivariate analysis included only six of the
aforementioned significant variables to decrease the likeli-
hood of spurious associations : functional class, patient age,
mean aortic pressure, mean pulmonary artery wedge pres-
sure, right ventricular fractional shortening of areas and E
deceleration time . Complete data were available in all 79
Figure 3. Actuarial survival curves of the 2 groups of patients with
dilated cardiomyopathy : group I (dotted line, E deceleration time
* 1 15 ms, n = 36) and group 2 (solid line, E deceleration time
* 115 ms, n = 43) . A statistically significant difference was found on
Cox analysis (p < 0.0001) . The numbers in parentheses indicate the
number of survivors at each time interval .
100
80
20
0 i I I I I I I I I I
0 6 12 18 24 30
months
	 (35)	(16)	(10)
(23)
1 (13)
(9)
Cutoff Points
p Value
EDT* <115 ms < 0.0001
Age* <26 yr < 0.0001
HOOP* <71 mm Hg < 0 .0001
LVEDVI* >179 M11M
2
< 0 .0001
RVFSA* <36% < 100001
NYUA* III + IV 0 .0001
LVESVI* >150 MUM
2
U001
LAAI* >18 CAR &OXI
E/A ratio'
,
>L9 0 .0001
E >0 .6 awls 0 .0005
mPAP* >29 mm Hg 0.0007
LADI* >23 mm/m2 TWO
CTR >57% 0.0018
0 pour' Present 0.10 41
A <0,4 Ws 01401151
S
a Present 0.006
LVESDV >37 mm/m2 0.01
rPAWP* >17 mat Hg 0.02
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Figure 4. Doppler mitral curves of nine patients with dilated cardio-
myopathy who died or underwent heart transplantation . All nine
showed a restrictive filling pattern (group 1), a very short E
deceleration time and predominant E waves. The numbers above the
Doppler curves represent E deceleration times of these patients,
expressed in ins. A = A wave; E
-
E wave; the letters at the upper
left of each tracing are patient initials .
patients . E dec ..cration time (p < 0 .001), age (p = 0.012),
functional class (p = 0 .001,', mean aortic pressure (p = 0 .008)
and mean pulmonary wedge pressure (p = 0 .059) were
independent predictors of cardiac death or transplantation in
this model (Table 4) .
The relative risk between two levels of the factors being
analyzed was estimated (10) (Table 4) . For example, the risk
of death or transplantation was 6 .4 times higher in a patient
Table 4. Multivariate Analysis (Cox model) of Clinical, Doppler Echocardiographic and
Hemodynamic Variables Predicting Cardiac Death or Transplantation in Patients With Dilated
Cardiomyopathy
EDT (ms)
Age (yr)
NYHA III + IV
mAoP (mm Hg)
mFAWP (mm Hg)
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with an E deceleration time of 79 Ins (mean value of coup 1)
than in a patien
: with an E deceleration time of 172 ms (mean
value of group 2) .
Discussion
Diastolic abnormalities in dilated cardiamyopathy. Ac-
cording to the World Health Organization classification of
cardiomyopathies (6), dilated cardiomyopathy is defined as a
heart muscle disease of unknown cause characterized by
dilation and depressed systolic function of one or both
ventricles . Although in this disease attention was initially
focused on the systolic phase, Grossman et al . (11) could
demonstrate that the diastolic phase may also be abnormal,
showing both impairment of relaxation and an : icrease in
chamber
stiffness.
Furthermore, it is presently thought that
abnormalities of diastolic rather than systolic performance
may be the most important determinant of exercise intoler-
ance in patients with chronic heart failure (12) . Recently,
some investigators (3,13-15) studied left ventricular filling in
patients with dilated cardiomyopathy by Doppler echocardi-
ography. A wide spectrum of left ventricular filling patterns
was found . In some patients, a low E wave, a high A wave,
a low E/A ratio and a prolonged E deceleration time were
present . This pattern is thought to be a consequence of
impaired left ventricular relaxation in the presence of normal
or only slightly increased left ventricular filling pressure (3) .
Other patients, however, showed an apparently normal
Doppler transmitral curve (3,13) or the opposite pattern,
characterized by high E waves, low A waves, high E/A ratio
and short E deceleration time (3,13, i5) . Tasd latter pattern is
associated with high left ventricular filling pressure (3,16)
and increased left ventricular chamber stiffness (1,16) and
was called the restrictive filling pattern because of its simi-
larity with the pattern found in restrictive cardiomyopathy
(4) . In patients with a restrictive left ventricular filling
pattern, the increased E wave peak velocity depends on a
high transmittal pressure gradient at mitral valve opening
(16) ; the short deceleration time suggests an early equaliza-
The last two columns give an estimation of the relative risk of death in the two groups of patients (the other four
variables are assumed to be constant for this comparison)
; for the binary parameter, NYHA (III
+ IV vs . I + II), the
exponential of coefficient curresponds to the relative risk of death, for the quantitative variables, the relative risk
(RR) between the mean values of group I versus those in group 2
.vas estimated by the following formula : RR (Mean
value group 1/Mean value group 2) = Exponential of coefficient * (Mean value group I
- Mean value group 2)
.
Abbreviations as in Table I .
Beta-
Exponential RR
Coefficient
p Value of Coefficient (Group I - Group 2)
-0.02
< 0 .001 0 .9802 6 .4226
_0m81 0V2 0.9436
1 .03
2.8465 < 0,001
17 .2276
-0.1041 0 .008
0 .9011 21329
0 .0972 029 1 .1021
2 .1765
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tion of pressures in the left atrium and left ventricle-
restricted filling (3-5,16)--and it is considered to be the
consequence of increased chamber stiffness
(16) . The low A
velocity may be the
consequence of either left atrial pump
failure or increased left atrial afterload (1,15,16) . In sum-
mary, from the available clinical and experimental studies, it
is known that multiple interrelated factors influence the
temporal segttence of the left ventricular filling curve as
assessed by Doppler echocardiography (1,2,16) .
The data of the present study show that left ventricular
filling appears "restrictive" in a significant proportion of
patients with dilated cardiomyopathy at diagnosis (group 1,
46%). These patients were, according to the observation of
others (1,3,14,16), more symptomatic and more frequently
showed a third heart sound at auscultation and a mitral B
point on M-mode echocardio . ,a phy, an "old" but useful
noninvasive marker of elevated end-diastolic left ventricular
pressure (17) . In addition, patients with restrictive left ven-
tricular filling were significantly younger and had more
dilated and more severely dysfunctional left and right ven-
tricles, a larger left atrium, higher left ventricular end-
diastolic and capillary wedge pressure and more severe
mitral regurgitation. The Doppler mitral curve in this group
showed a higher E wave peak velocity, lower A wave peak
velocity and higher £/A ratio .
On multivariate analysis, the best independent correla-
tions of a restrictive filling pattern were found with right
ventricular shortening fraction of areas (a two-dimensional
echocardio hic index of right ventricular systolic func-
tion [7)), left ventricular ejection fraction and E wave peak
velocity .
The effect of systolic performance on diastolic filling is
well known. The ventricular pressure-volume curves are
exponential in shape, and chamber stiffness is equal to the
slope of these curves ; therefore, as the end-systolic volume
increases, the ventricle fills at a steeper portion of its
pressure-volume curve and chamber stiffness increases
(16,18). In addition, ventricular filling pressure and stiffness
increased by ventricular interdependence and pericardial
restraint and are more pronounced when all chambers are
dilated (19) .
implications of restrictive left pattern .
Several investigators tried to identify prognostic factors that
may predict a poor outcome in dilated cardiomyopathy in an
attempt to select patients appropriately for heart transplan-
tation or
for more ssive forms of treatment. Although
there are no univocal data on the prognostic value of the
different variables considered, some factors, such as func-
tional status (20,2!), left ventricular dimension and function
(10,20) and hemodyn is variables (10,20), emerge as main
and useful prognostic indicators .
Our study demonstrates that the assessment of left ven-
tricular filling pattern on Doppler echocardiography gives
important information about prognosis in patients with di-
lated cardiomyopathy
. In fact, in our series all 14 patients
who died or required heart transplantation had a restrictive
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left ventricular filling pattern with an extremely short E
deceleration time (80 ms), and restrictive pattern was the
most powerful indicator of poor outcome at multivariate
analysis . Similar data were obtained by Klein et al . (22) in
patients with a:lyloidosis . Furthermore, the adverse prog-
nostic implication of short time to peak filling rate and
increased peak filling rate observed by Clements et al . (23)
on radionuclide ventriculo phy in patients with decreased
left ventricular systolic function may have similar patho-
physiologic significance .
In our series, sudden death occurred in only one patient .
Further studies are necessary to assess the possible relation
between a restrictive filling pattern and the modalities of
death in dilated cardiomyopathy .
Limitations of the study . A potential limitation of this
study is that the left ventricular filling pattern can be
influenced by multiple factors, including age (24,25), heart
rate (24,25), loading conditions (24,26) and valvular regurgi-
tation (13) . In normal subjects, with the aging process the E
deceleration time tends to lengthen and the E/A ratio to
decrease (24,25). In our series with dilated cardiomyopathy,
patients in group I with restrictive filling, were significantly
younger than those in grcup 2 ; however, E deceleration time
was not independently correlated with age on multivariate
analysis . Conversely, younger age was an independent pre-
dictor of death or heart transplantation .
Tachycardia may increase A wave velocity but does not
seem to influence E deceleration time (24) . No significant
difference in heart rate was found between our two groups of
patients with dilated cardiolnyopathy .
Systolic blood pressure was significantly lower in our
patients with a restrictive filling pattern (Table 1), but it was
not independently correlated with E deceleration time on
multiple regression analysis . From experimental studies
(26,27), blood pressure has only a weak influence on left
ventricular filling, which depends mainly on the filling pres-
sure .
Although mitral regurgitation may influence left ventric-
ular filling (13,24), in our series it was not independently
correlated with E deceleration time .
It was demonstrated that left ventricular filling is load
dependent, and it may vary markedly as a consequence of
modifications of load: An increase in preload increases E
wave velocity and E/A ratio and may shorten E deceleration
time, whereas an increase in afterload may prolong relax-
ation (26-29) .
Perhaps, as noted by Klein et al . (22), for patients with
amyloidosis, the use of a single Doppler echocardiographic
study to assess prognosis has limitations because left ven-
tricular filling may change during follow-up . As the disease
progresses, the filling evolves from a pattern of abnormal
relaxation to a restrictive pattern, sometimes through a
"pseudors urmal phase" (22,24) ; conversely, if the condition
improves during drug treatment of heart failure, the opposite
progression of filling patterns is expected (24) .
The anatomic substrate of restrictive filling in dilated
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cardiomyopathy is unknown, A relation with interstitial
fibrosis was hypothesized but could not be confirmed by our
endomyocardial biopsy data . In fact, the degree of fibrosis
was not statistically different between our two groups of
patients .
Clinical implications . In conclusion, in dilated cardiomy-
opathy a restrictive left ventricular filling pattern seems to be
a very useful index of severity of the disease, and its
presence helps identify patients who are at risk for death and
who may need heart transplantation . Further study is needed
to evaluate the evolution of left ventricular filling pattern in
dilated cardiomyopathy and its clinical and prognostic im-
plications .
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